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West Nile virus (WNV), genus Flavivirus, family Flaviviridae, is an
“old-world” arbovirus, transmitted mainly by infected mosquitoes.
Wild birds are the primary amplifying hosts of the virus, but a
number of species (amphibians, domestic poultry, and mammals,
including humans and horses) can be infected through bites from
WNV-infected mosquitoes, and disease will develop in some (1).

The virus was first detected in North America in 1999, during an
encephalitis outbreak in humans and horses in New York (2). It was
able to overwinter and spread the next year to various localities in
the United States. In 2001, WNV was detected in 27 states and the
District of Columbia; it had also spread to the Cayman Islands
and Canada (southern Ontario) (3,4).

Canada conducted WNV surveillance in 2000 and 2001. One
component was detection of seroconversion in sentinel chicken flocks.
This approach had been successful in monitoring spread of the virus
during the WNV encephalitis outbreak in Romania in 1997–1998 (5).
It also has been traditionally used for surveillance of other arbovirus
diseases (for example, eastern and western equine encephalitis).

All members of the genus Flavivirus share antigenic epitopes, as
revealed by cross-reactivity in the hemagglutination inhibition
test (HIT) (6,7). Therefore, commercially available plates, not nec-
essarily coated with homologous antigen, can be used for anti-
body detection in serum by enzyme-linked immunosorbent assay
(ELISA). Both HIT and ELISA should be followed by a neutraliza-
tion assay to complete identification within the serologic group.
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A b s t r a c t
Six tests for the detection of West Nile virus (WNV) antibodies in the serum of experimentally infected chickens were compared.
The tests included the hemagglutination-inhibition test (HIT), immunoglobulin M (IgM)-capture enzyme-linked immunosorbent
assay (ELISA) with WNV-infected mouse brain antigen, immunoglobulin G (IgG) indirect ELISA with tickborne encephalitis viral
antigen, the microtitre virus neutralization test, the standard plaque reduction neutralization test (PRNT), and the microtitre PRNT
(micro-PRNT). Thirty adult chickens, intravenously and intramuscularly inoculated with 107 plaque-forming units (PFU) of
WNV strain Egypt 101, were bled and given a booster of 107 PFU at 7, 15, and 21 d postinoculation; the final blood collection was
on day 28. Although the micro-PRNT is capable of detecting the highest antibody titres during both early and late infection, because
of the technical complexity and time requirements of this test a combination of IgM and IgG ELISAs is recommended for serologic
screening. Serum samples that give positive results in the ELISAs can then be tested by the micro-PRNT to determine the specificity
of antibodies to WNV.

R é s u m é
Six épreuves pour la détection d’anticorps dirigés contre le virus du Nil occidental (WNV) ont été comparées en utilisant du sérum provenant
de poulets infectés expérimentalement. Les épreuves comparées étaient : l’inhibition de l’hémagglutination (HIT), une épreuve ELISA capture
d’IgM utilisant comme antigène du cerveau de souris infectée avec le WNV, une épreuve ELISA indirecte pour la détection des IgG utilisant
comme antigène le virus de l’encéphalite transmise par les tiques, une épreuve de neutralisation virale en microplaque, une épreuve stan-
dard de réduction de plaques (PRNT) et une épreuve PRNT en microplaque (micro-PRNT). Trente poulets adultes inoculés par voie
intraveineuse et intramusculaire avec 107 UFP de la souche Egypt101 du WNV, ont été saignés et re-vaccinés avec 107 UFP aux jours 7,
15 et 21 post-inoculation (pi) avec la récolte finale de sérum au jour 28 pi. Bien que la méthode micro-PRNT soit en mesure de détecter des
titres plus élevés d’anticorps durant les phases initiales et tardives de l’infection, la complexité technique et le temps nécessaire pour l’épreuve
font qu’une combinaison des épreuves ELISA pour détecter les IgM et les IgG est recommandée pour le tamisage sérologique. Les
échantillons de sérums qui s’avèrent positifs dans la procédure ELISA peuvent être vérifiés avec la méthode micro-PRNT afin de déterminer
la spécificité des anticorps dirigés envers le WNV.

(Traduit par Dr Serge Messier)
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This paper describes preparation of WNV-positive control chicken
serum and evaluates the following 6 tests for antibody detection: HIT,
immunoglobulin M (IgM)-capture ELISA with infected mouse-brain
antigen, immunoglobulin G (IgG) indirect ELISA with tickborne
encephalitis (TBE) viral antigen from humans, the microtitre virus
neutralization test (micro-VNT), the standard plaque reduction neu-
tralization test (PRNT), and the microtitre PRNT (micro-PRNT).

The WNV topotype strain Egypt 101 was used for immunizing the
chickens and as the test virus in the micro-VNT and the micro-PRNT.
New York strain NY99 was used in the HIT and in the standard and
micro-PRNT. Vero cells (ATCC) and Vero V76 (ATCC) were
maintained according to standard protocols and used for virus
propagation and in the neutralization assays. 

Thirty specific-pathogen-free White Leghorn hens obtained from
the Animal Disease Research Institute, Nepean, Ontario, were
inoculated intravenously and intramuscularly with 107 plaque-
forming units (PFU) of Egypt 101; boosters of 107 PFU were given
intramuscularly and subcutaneously 7, 15, and 21 d after the initial
inoculation. Blood (2 mL) was collected from a wing vein of each hen
before the initial inoculation and on days 2, 7, 15, 21, and 28 there-
after. Serum obtained before the initial inoculation tested negative
with HIT, micro-VNT, standard PRNT, and micro-PRNT; it was used
to set cut-off values for the ELISAs.

The blood was allowed to clot at 37°C for 1 h, then the serum was
separated by centrifugation at 2000 � g for 10 min at 4°C. The
gelled serum was aspirated several times through a 16G cannula and
centrifuged again at 2000 � g for 10 min at 4°C. It was then inacti-
vated at 56°C for 30 min and stored at �20°C before testing.

The micro-PRNT was carried out in the following manner. First,
100 �L of serial dilutions of serum (starting with 1:10) was incubated
with 100 �L of 200 PFU of Egypt 101 for 1 h at 37°C in 5% CO2 in
cell-free 96-well microtitre plates (Costar; Corning Inc., Corning,
New York, USA). Then 100 �L/well of the mixture was transferred
onto cells grown in 96-well plates that had been seeded 24 h earlier
with Vero V76 cells, 105 cells/cm2; the medium was removed just
before the transfer. The plates were incubated for 1 h at 37°C in
5% CO2. An overlay of 100 �L/well of 3% carboxymethylcellulose
(CMC sodium salt, medium viscosity; Sigma Chemical Company,
St. Louis, Missouri, USA) in phosphate-buffered saline (PBS) was
added to the plates, which were then incubated for 3 d at 37°C in 5%
CO2. Next the cells were fixed with 4% formaldehyde and stained
with 0.5% crystal violet in 80% methanol/20% PBS. The number of
plaques per well was verified by virus back-titration. Serum
dilutions causing at least 70% plaque reduction were considered
positive for anti-WNV antibodies.

For the IgG indirect ELISA, we used commercially obtained
plates coated with antigen of the Western subtype of TBE isolated
from humans in Eastern Europe (TBE IgG and IgM, quantitative;
Serion, Wurtzburg, Germany), not to be confused with the Eastern
subtype, which causes Russian spring–summer encephalitis. The
plates were blocked with 100 �L of 3% skim milk/PBS for 1 h at
37°C. Then 100 �L of 2-fold serial dilutions of serum in 3% skim
milk/PBS were incubated on the plates for 1 h at 37°C, and the
bound antibodies were detected by incubation for 1 h at 37°C with
100 �L of horseradish-peroxidase-labelled goat anti-chicken IgG anti-
bodies (Kirkegaard and Perry, Gaithersburg, Maryland, USA)

diluted 1:5000 in 3% skim milk/PBS. Next, 100 �L of 1 mM
2,2'-azino-di-3-ethyl-benzthiazoline-6-sulfonic acid (ABTS) in citrate
buffer was added to the wells, and the (optical density) OD415 of the
substrate in the plates was read after 3 min of incubation at room
temperature. The plates were washed 3 times between the steps with
PBS/0.05% Tween 20.

The IgM-capture ELISA was carried out as previously described (8).
Briefly, anti-chicken IgM-capture antibody was coated on 96-well
plates and incubated overnight at 4°C. Serum diluted 1:250 was
then added to the wells, and inactivated suckling mouse WNV
antigen and horseradish-peroxidase-conjugated WNV monoclonal
antibody (Centers for Disease Control, Fort Collins, Colorado, USA)
were added sequentially. The colorimetric reaction produced by
the addition of tetramethyl benzidine was recorded. Specimens
were considered IgM positive if the P/N ratio was at least 2.0 (P = OD
of test specimen reacted with viral antigen; N = OD of negative
control serum reacted with viral antigen). For the P/N ratio to be valid,
P had to be at least twice the OD of the test specimen reacted with
normal antigen derived from noninfected mice.

The micro-VNT was performed as follows. First, 50 �L of 103 TCID
(tissue-culture infective dose)50 of virus was mixed with 50 �L of
2-fold serial dilutions of serum in 96-well cell-culture microtitre
plates (Costar) and incubated at 37°C in 5% CO2 for 1 h. Then 50 �L
of 2 � 105/mL Vero cells was added to each well. The plates were
incubated for 4 d at 37°C in 5% CO2. Serum dilutions causing at least
90% reduction in cytopathic effect were considered positive for
anti-WNV antibodies.

The standard PRNT was performed as previously described (9).
Mixtures of virus and dilutions of chicken serum were incubated at
37°C for 1 h, then added to 6-well plates containing Vero cell
monolayers. After the plates had been incubated at 37°C for 1 h, a
nutrient-agar overlay was added, and the plates were placed in a CO2

incubator for approximately 3 d, after which another overlay, con-
taining neutral red as a vital stain, was added. The plates were
checked periodically over the next few days for plaque formation.
The highest serum dilution with a plaque reduction of at least
90% was defined as the titration end point.

The HIT was performed as described by Clarke and Casals (10),
with a microtitre-plate format. In brief, nonspecific inhibitors and
natural hemagglutinins were removed by acetone extraction and
adsorption with goose erythrocytes, respectively. Dilutions of
acetone-treated chicken serum were mixed with 8 hemagglutination
(HA) units of suckling mouse WNV antigen and incubated at 4°C
overnight. Goose erythrocytes were then added to the mixture,
and the solution was incubated for an additional hour at room
temperature. The HI titre was determined as the highest dilution of
chicken serum that caused complete inhibition of erythrocyte
agglutination by 8 HA units of viral antigen.

Means and standard errors were determined for the serum titres
at each time point in the individual tests. The graphs were plotted
with the SigmaPlot5 program. Differences between high and low
antibody responders were confirmed with Student's t-test for
comparison of 2 population means. 

A full set of data was obtained for 25 of the 30 chickens; some sam-
ples from 5 of the birds were considered unfit for testing owing to
cell toxicity or serum gelling. The initial experiments were with
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Egypt 101, but since there was no observable difference in the
results of the micro-PRNT between Egypt 101 and NY99 the latter
strain was used in the remaining assays as the more relevant in vivo
strain for North America. Overall, comparing the earliest time of
antibody detection, the number of positive samples at different
times after inoculation, and the mean serum antibody titres, our data
indicated that, among the 6 assays, the micro-PRNT detected the
highest titres and the highest number of antibody-positive serum
samples at different times after inoculation. This observation prob-
ably reflects the ability of the micro-PRNT to detect both IgM and
IgG antibodies. Interestingly, with respect to the results of the
IgM ELISA, the chickens formed 2 almost equal groups: 1 with
very high titres on day 7 (13 chickens), and the other with initially
lower titres (12 chickens). The observation was even more obvious
with the micro-PRNT: on day 7 the group with high IgM titres
also had high micro-PRNT titres, and the group with low IgM
titres also had low micro-PRNT titres (Figure 1). The chickens
were still within their respective groups on day 28 when tested by
micro-PRNT and by IgG ELISA, as confirmed by the Student’s t-test
(P � 0.1). Three serum samples did not titrate to the end point even
at a dilution of 1:5120; they were assigned a titre of 5120 to facilitate
representation of the data (Figure 2).

The micro-VNT and the standard PRNT showed comparable
antibody titres (Figure 3), with dynamics similar to the development
of IgG antibody, as measured by the IgG ELISA. The HIT also has
the potential to detect both IgM and IgG antibodies; however,
despite showing higher titres when compared with the standard
PRNT (Figure 2), the HIT detected lower titres and lower numbers
of antibody-positive samples than the micro-PRNT. Figure 4 sum-
marizes the numbers of positive samples detected by the individual
methods at each time after inoculation. The micro-VNT, standard
PRNT, and HIT detected antibodies in all samples only on days 21
and 28, the peak titre reaching about 640.

Figure 1. Distribution of serum titres of antibodies to West Nile virus (WNV)
in the microtitre plaque reduction neutralization test (micro-PRNT) in
blood collected 7 d after inoculation. Chickens considered as low respon-
ders are represented by black columns, high responders by grey columns.

Figure 2. Mean antibody titres and standard errors, determined by the micro-
PRNT (A) and the immunoglobulin G enzyme-linked immunosorbent assay
(IgG ELISA) (C). Graph B shows IgM ELISA P/N values (see text for
explanation) for serum specimens obtained on various days postinocula-
tion (dpi): the group of 13 chickens with high IgM response at 7 d is rep-
resented by the solid line; the group of 12 chickens with a lower IgM
response at 7 d is represented by the dashed line.
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The apparent ability of the micro-PRNT to detect IgM antibodies on
day 7 was in contrast to the ability of the standard PRNT and the
micro-VNT to detect only very low neutralizing activity in about
50% of the serum samples at this time point. The mechanism of IgM
antibody interaction with flaviviruses is not known; however, the
early detection of IgM antibody by the micro-PRNT may be explained
with the model of the interaction of avian influenza virus and IgM anti-
bodies (11,12). Once the IgM antibodies reach certain levels, attachment
of the virus to cells is prevented by steric hindrance. The ability of a
neutralization assay to detect this would be a function of the test’s
design and the mechanism by which virus and IgM bind to form a
complex. In the micro-PRNT the serum–virus mixture is not removed
from the cells and is only diluted in half with the addition of the
overlay; thus, the IgM antibodies have a prolonged opportunity to react
with the virus. This reaction may prevent the virus from attaching to

cells not only during the first cycle of replication but also subsequently,
thereby limiting replication and thus increasing the perceived neu-
tralizing titre of serum in the micro-PRNT. The prolonged interaction
of the virus with not only IgM but also IgG antibodies may contribute
to the higher titres detected by the micro-PRNT as compared with the
standard PRNT and the micro-VNT.

Although it was not our aim to investigate the immune response
of the chickens to WNV, it was interesting to observe the grouping
of the chickens with respect to their early IgM response. Somewhat
similar observations have been made in other studies (13,14). The
double IgM peak may be linked to the hyperimmunization schedule
used in this study. 

In summary, a combination of IgM and IgG ELISAs is recom-
mended for the screening of serum from chickens or other species
for which commercial conjugated secondary antibodies are available,
such as rabbits, to cover both early and late stages of infection. The
ELISAs are more sensitive than the HIT and are simple and rapid
when compared with the PRNTs. However, the utility of IgM
ELISA in chickens could be limited in surveillance conditions,
depending on the bleeding schedule, because during the natural
infection one would expect the IgM antibodies to be detected for a
limited time. The specificity of positive serum should be confirmed
by micro-PRNT. The micro-PRNT could also be the test of choice for
serum from species for which conjugated secondary antibodies
are not available.
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